We study the cosmic MeV neutrino background from accretion disks formed during collapsars and the coalescence of compact-object mergers. We provide updated estimates, including detection rates, of relic neutrinos from collapsars, as well as estimates for neutrinos that are produced in mergers. Our results show that diffuse neutrinos detected at HyperK would likely include some that were emitted from binary neutron-star mergers. The collapsar rate is uncertain, but at its upper limit relic neutrinos from these sources would provide a significant contribution to the Cosmic Diffuse Neutrino Background.
I. INTRODUCTION
Accretion disks surrounding black holes (BH) or hypermassive neutron stars (HMNS) are likely the final fate of the coalescence of a neutron star (NS) with a compact object (BH or NS) [1] [2] [3] [4] [5] . Accretion disks are also formed during rare supernovae that have significant rotation, termed collapsars [6] [7] [8] [9] . During these events, much of the gravitational energy is released as neutrinos. The neutrinos are interesting not only because of their key role in the setting of the electron fraction and subsequent synthesis of elements, e.g. [10] [11] [12] [13] [14] , or their suspected contribution to the triggering of long duration gamma ray bursts (see e.g. [15] [16] [17] [18] ), but also because they are one of the signals that come from these multi-messenger objects. Even from a small number of neutrinos (just like in the SN1987 case [19] ), much can be gleaned about the central engines of these objects.
Neutrinos emitted from these accretion disks are expected to be in the energy range of MeV. It is well known that astrophysical MeV neutrinos could be registered at existing facilities such as SuperKamiokande (SK) [20] and SNOLAB [21] . The prospects of detection in larger facilities like the proposed Hyperkamiokande, UNO, DUNE, JUNO and TITAND [22] [23] [24] [25] [26] , are even more promising [27] . There are two basic strategies for detecting these MeV neutrinos, either a direct detection from an object that is sufficiently close to produce a substantial flux at earth, or a detection of the cosmic MeV neutrino background. The latter is formed by the accumulation of neutrinos from such objects over time. The consideration of the cosmic MeV neutrino background (CMNB) from all types of extra galactic sources (supernovae, collapsars, binary mergers) enhances our chances of detection and opens a window to neutrino physics at cosmological scales. A detection of the CMNB will provide insights to * Electronic address: ocaballe@uoguelph.ca the star formation history, initial mass function, cosmic metallicity, and event rates (see e.g. [28, 29] ).
While many types of events can contribute to the CMNB, two types of events have been explored most extensively. Due to its promising prospects for detection, the supernova relic neutrino (SRN) background has been widely studied (e.g [30] [31] [32] [33] [34] [35] [36] , for reviews see e.g. [30, 37] ). SRN searches at SK have significantly improved upper limits, and they are now very close to predictions [38] [39] [40] . The next most studied contribution to the CMNB is that of relic neutrinos from failed supernovae (or unnovae). Theoretical fluxes [28, [41] [42] [43] [44] have been found to be comparable to that of supernovae [45] .
In this paper we add to previous CMNB studies by considering the neutrino background due to accretion disks from compact object mergers and supernovae (collapsars). We use updated models to extend previous work on collapsars, for example that of [46] which found optimistic detection prospects for TITAND, using a neutrino background determined from the collapsar model in [47] . We also make the first determination of the diffuse neutrino background from compact object mergers. In both scenarios, matter surrounding the remnant black hole or hypermassive neutron star is hot and will emit considerable numbers of neutrinos. The study of the accretion tori allows for a determination of neutrino emission, after black hole formation, of collapsars and mergers. By considering two different accretion disk models, discussed later, we investigate the effect that the accretion rate and the BH spin have on the neutrino spectra, on the relic background, and on the associated number of neutrinos reaching Earth's detectors.
The derivation of an accretion disk diffuse flux relies on two components: the neutrino spectra emitted in one of the above scenarios and the cosmological rate at which these events occur. In both collapsars and mergers, the neutrino emission can be comparable to or even larger than supernovae. In the collapsar case, simulations have shown that the neutrino emission may be larger than that of a proto-neutron star [48, 49] . In the case where the disk is formed after a merger, the neutrino emission from one event, although shorter in duration, can be one or two orders of magnitude more luminous than that of a supernova [50] . Similar to [46] we employ steady state models of accretion disks where the disk is considered to be the result of a collapsar, but in addition we consider a dynamical model. Our estimates come from updated models which include neutrino cooling, a range of black hole spin and estimates of gravitational bending and redshifting on the part of the neutrinos. We assume that the BH has been already formed and matter, in a torus distribution, is accreted into it at a given rate. We also comment on the case of an accretion disk surrounding a hypermassive neutron star.
The other component, the cosmological failed supernova and merger rates, has been revisited in the recent years, motivating also this study. From one side the detection of gravitational waves from mergers at observatories such as Advanced-LIGO, has triggered an impressive effort to estimate the merger coalescence rates [51, 52] ; with estimates in the range of (10 −6 − 10 −3 /year per Milky Way Equivalent Galaxy (MWEG) for NS-NS mergers, and 10 −8 − 3 × 10 −5 /year per MWEG for BH-NS mergers [53] ). The recent detection of a neutron star mergers, suggests a rate of 1540 +3200 −1220 Gpc −3 yr − 1 [54] . On the other side, recent Swift gamma rays burst data [55, 56] has been used to provide new estimates for star formation rates [57] and failed supernovae [58] .
In this manuscript we convolve the accretion disk neutrino spectra from two different models, with current failed supernova and merger rates. In doing so, we provide an updated baseline for future studies on relic neutrinos from collapsars, the first estimates from mergers, and comparison between the two scenarios. We focus on the electron antineutrino relic flux, its contribution to the MeV neutrino background, and its possible detection at water Cherenkov facilities.
Although important, we do not consider neutrino oscillations in this work. Oscillations will change the large energy contribution of the neutrino spectra resulting in a larger number flux of relic electron antineutrinos (see e.g. [31, 59] ). Oscillations are expected to play a significant role in mergers and collapsars, e.g. [60] [61] [62] and we will discuss the role of oscillations in the accretion disk relic neutrinos in future work. This paper is organized as follows: in section II we discuss the accretion torus models used and in section III we present the corresponding results for the neutrino spectra. We continue by introducing the compact object mergers and failed supernovae rates used in this work and show our results for the relic neutrino flux for each scenario in section IV. In section V we provide neutrino event rates at SK and finally in section VI we conclude.
II. DISK MODELS
The diverse emissions that could be observed from binary mergers and collapsars, have significantly stimulated the study of accretion disks in the last decades. Models incorporate neutrino cooling and utilize a variety of different methods which include treatments that are fully relativistic, Newtonian, hydrodynamical, steady state and dynamical; a few examples include e.g. [4, 9, 63, 64] . In this work we make use of two different disks models. One is a fully relativistic steady-state model by Chen and Beloborodov [65] , and the other one is from a pseudo-relativistic hydrodynamical simulation from Just et al. [12] . Based on these two models we calculate the neutrino spectra and the corresponding diffuse background, aiming to set bounds on the number of neutrino events detected on Earth. We briefly summarize these two models below.
In the first model, from Chen and Beloborodov, the disk is arranged to depend on radius solely. We extend it to 3D by assuming axial symmetry and estimating the vertical structure with a simple hydrostatic model. The disk is formed by a gas of nucleons, α-particles, electrons, positrons, photons, and neutrinos in nuclear statistical equilibrium (NSE). Both the gas and radiation pressures are at equilibrium. The model is fully relativistic and uses the Kerr metric to account for two values of the BH spin a = Jc/GM 2 = 0 and 0.95 (J is the total angular momentum and M the BH mass). The effects of threedimensional magneto-hydrodynamical turbulence are approximated as is usual via one viscosity parameter α [66] . In what follows, these models are labelled according to the BH spin: "C0" for a = 0 and "Ca" for a = 0.95. The mass of the BH is 3M and the alpha viscosity given by α = 0.1. Steady accretion is assumed, allowing us to study the effect of a constant mass accretion rate,Ṁ , on the neutrino spectra. For this model, we have used values ofṀ = 3, 5, 7 and 9 M /s. Observations of short and long gamma ray bursts luminosities suggest a range of accretion values between 0.1 -10 M [67] . Fully relativistic dynamical simulations of high entropy rotating stellar cores show that the accretion rate just before and after BH formation varies depending on the degree of rotation and may be as high as 45 M /s, although decrease with time to values of 5 M /s [9] . Binary NS mergers simulations find that the accretion rate can be 0.1-1 M /s [68] , or as large as 10 M /s [69] . Dynamical magnetized BHNS mergers simulations have found that the rate vary between 0.1 to around 5 M /s [70] , while [71, 72] found accretion rates around 1 M /s.
For the second model, we use the simulation results of Just et al. [12] who studied the disk evolution, based on parameters extracted from hydrodynamical simulations of NS-NS and BH-NS mergers. Their work assumes the only merger result is BH-torus systems. The simulations are performed in Newtonian hydrodynamics and assume axisymmetry while ignoring the torus self-gravity due to its insignificance relative to the BH. Relativistic effects are introduced by using the Artemova-potential [73] to describe the BH gravitational field, with the BH spin and mass held fixed. The equation of state assumed the same particles as the Chen and Beloborodov model above, but included a heavy nucleus ( 44 Mn), all of them in NSE. The simulations in [12] begin with a BH and torus accreting onto it. The BH mass is 3M and the alpha viscosity was taken to be α = 0.02. While the model describes the time evolution of the disk, however, we focus here on a representative time of t = 20 ms. In the framework of this torus model, two BH spins are considered a = 0, and 0.8. These models are labelled in this work according to the BH spin: "J0" for a = 0 and "Ja" for a = 0.8.
While neutrino cooling is already included in the two models, we aim to calculate neutrino spectra and diffuse fluxes for distant observers, therefore, we use our results from previous work, where we performed a "postprocessing" of the tori's thermodynamical properties and found the last points of neutrino scattering a.k.a the neutrino sphere. Details on the calculation and discussion on the results can be found in [50, 74] .
In the case of binary neutron-star mergers, fully general-relativistic simulations of have shown that rapidly rotating merger remnants allow the formation of a HMNS (see e.g [75] ). The lifetime of this HMNS depends at least on angular momentum transport, gravitational wave emission, the equation of state, and neutrino cooling. When the angular momentum transport is dominant the HMNS will collapse into a BH otherwise it will collapse after neutrino cooling. The neutrino luminosities of the HMNS found by Sekiguchi et al [76] with relativistic simulations, and by Lippuner et al [77] , who studied HMNS with their accretion disks and their evolution after collapse to BHs in pseudo-Newtonian gravity, are of the order of 10 53 ergs/s. The simulations shown that neutrino emission will continue after collapse decreasing from the initial values set by the HMNS. The order of magnitude of the luminosities is the same as our results for BH-AD used here [74] .
III. NEUTRINO SPECTRA
Neutrinos produced in accretion disks (and supernovae) are trapped due to the highly dense matter of these environments. The neutrinos begin free streaming regime at the neutrino sphere, and therefore the neutrino properties observed at any point in space above the neutrino surface are characterized by the thermodynamical properties of such surface. To calculate the neutrino spectra we consider the number of neutrinos that are emitted from a mass element on the neutrino surface of a black hole accretion disk (BH-AD) with energy E. The number spectrum of neutrinos emitted by one BH-AD is
where dt corresponds to the total emission time and g ν = 1. We assume that the emission of neutrinos by one mass element is isotropic and with the integral over the area we sum over all mass elements. This integral is expanded as
where ρ 2 , ρ 1 and φ are respectively the outer radius, inner radius, and angular component of the neutrino surface in cylindrical coordinates. The function f (E) in Eq. 1 is the usual Fermi-Dirac distribution for fermions:
with T the local temperature at the neutrino surface [32] .
As described up to this point, Eq. 1 corresponds to the neutrino spectrum as seen by a local observer (E and T as seen in the comoving frame of the disk). However, the spectrum observed at a distant point, dN (E ∞ )/dE ∞ , is affected by relativistic effects due to the strong gravitational field of the BH such as energy shifts, time dilation, and bending of neutrino trajectories. This means that if a disk is emitting neutrinos in a galaxy and is observed several kpc away the energy and time are redshifted as E = (1 + z BH )E ∞ , dt = (1 + z BH )dt ∞ and the toroidal neutrino surface would appear larger by
2 dA, with (1 + z BH ) the redshift due to the BH. For the two models used here, steady-state and hydrodynamical, we use estimates found in previous work (noted there as ∆t ∞ ) of the total emission time dt ∞ [74] . Those time intervals are based on the efficiency to convert gravitational binding energy into neutrino energy by considering its dependency with the BH spin.
Taking into account the above strong gravitational field effects and the conservation of phase-space density, we generate the spectra observed far away from the source. In what follows we focus on electron antineutrinos only as we aim to calculate detection rates at waterbased Cherenkov detectors. Fig. 1 shows the results for electron antineutrinos using the steady-state and the hydrodynamical tori and compares with a protoneutron star spectrum [31, 78] . In Fig. 1 we have used an accretion rate ofṀ = 3M /s for the Ca and C0 models. As can be seen, the disk spectra are larger than the supernova (SN) one (from [78] ), except for the C0 model which is larger only for energies below E < 14 MeV. These results are consistent with the fact that accretion disks formed during mergers may result in higher neutrino emission temperatures than those of SN. On the other hand, if the disk is a result of a collapsar the results are also consistent with the fact that the formation of a BH (instead of a NS) creates a situation where, depending on the accretion rate, significant energy can become available for conversion to neutrino emission. In the C0 model with M = 3M /s, although the highest neutrino temperature is T = 4.3 MeV (close to the well known SN value of 5 MeV), the range of temperatures at the neutrino surface is below that of a SN. In contrast, at the same accretion rate, the change to a spining BH (Ca model, described in the Kerr metric) will generate hotter disks with larger angular momentum and inner edges closer to the BH where most of the power is released. The energy is transferred via viscous heating and then converted to neutrino energy. Similarly, for the hydrodynamical models, we find that the Ja torus has a larger neutrino spectrum compared to the J0 model, particularly at high energies.
FIG. 1:
Comparison of electron antineutrino spectra for the steady-state (C0, Ca with constant accretion rate 3M /s) and dynamic tori (J0, Ja). The a indicates a large BH spin (see text). In both disk models the BH mass is 3M . The supernova spectrum (SN) is shown for comparison.
In the case of accretion rate dependence, as shown in Figure 2 for the Ca models, a similar conclusion is drawn: the larger the rate at which mass plunges into the BH the higher the temperature of disk [65] and, therefore, the number of antineutrinos emitted per energy interval. As a result, a torus with a high accretion rate will have a stronger signal than a slower accreting disk [74] .
Finally, comparing our results to those of Ref. [46, 47] who use a collapsar model, we find that their neutrino emission is smaller. It is important to note that in their work, the authors modeled the disk as an advectiondominated flow, whereas the models presented here both allow for a neutrino-dominated phase. Also, other parameters such as a smaller accretion rate (0.1Ṁ /s), and lower temperatures contribute to the differences. This, of course, will have implications on the diffuse neutrino flux as discussed later.
The higher temperatures of accretion disk tori are similar to those from failed SN [79] . However, the overall magnitude of the failed SN spectra of [79] is smaller than our collapsar results. This is primarily because that case involves spherically symmetric matter distributions and neutrino emission only up to the onset of the BH, whereas in the models we employ the disk evolution and its neutrino emission correspond to the period after BH formation.
IV. DIFFUSE FLUX
One single torus emits neutrinos according to the spectra found in the previous section. To find the disk diffuse neutrino background, we should consider the total number of disks that have emitted neutrinos from the past to the present time, and convolve it with the cosmologically redshifted neutrino spectrum. The number of disks, formed at a fixed time in the past, depends on the event rate R(z C ) (number density of scenarios ending in a torus per unit time), which changes with the cosmological redshift z C . This rate has to be transformed to account for the expansion of the Universe. In this way, we have that the present number density of BH-AD neutrinos, observed now between the energy interval E o +dE o , emitted in the redshift interval z C + dz C is given by
where
∞ is the number spectrum of neutrinos emitted by a single BH-AD, E o is the registered energy on earth and redshifted from E ∞ . The last two energies are related by
The Friedmann equation gives the relation between the past time t C and z C as
where Ω m = 0.3, Ω Λ = 0.7 and H 0 =70 km/s/Mpc in the ΛCDM standard cosmology (see e.g. [80] ). The differential number flux of BH-AD diffuse neutrinos, dF/dE o = cdn/dE o , is obtained by summing over the cosmological redshift:
with dN (E ∞ )/dE ∞ the transformed spectrum in terms of the observed energy on Earth, E o . Therefore, two primary red shifts were factored into this work, both from cosmological expansion and from the escape from the parent BH.
A key ingredient in our calculation is the event rate R(z C ), which changes with the cosmological redshift and depends on the scenario considered. Based on the BH-AD progenitor rate, R(z C ), we calculate diffuse neutrino fluxes dF/dE for the mergers and collapsar scenarios. Before presenting our results for the diffuse flux we discuss the event rates R(z C ) used in this work.
A. Compact object merger rates
For our study of disk formation in the merger scenario we use the results of Dominik et al for extragalactic compact object merger rates (publicly available at http://syntheticuniverse.org) [52] . The corresponding rates at z C = 0 are consistent with the lower limit inferred from the recent observation of gravitational waves from a NS-NS merger [54] . Should be noted that Dominik et al work corresponds to field stellar populations only and therefore their results, and the ones obtained here based on those, are a conservative lower limit, as mergers occurring in globular clusters increase such rates. Their results for black hole-neutron star (BH-NS), neutron star-neutron star (NS-NS) are shown in Figure 3 of [52] , and we plot them here to provide context. Their merger rates were broken into 4 distinctive approaches to merger modeling: their standard baseline model, their optimistic common envelope model which allows for envelope donors, delayed SN model without a rapid SN engine, and high BH kicks with BHs providing full natal kicks.
For the purpose of analyzing the most optimistic and pessimistic cases within this data set, we plot upper and lower limits in Fig. 3 . The upper limits for BH-NS and NS-NS correspond to the galactic low-end metallicity with common envelope merger scenario (labeled here as Opt. BH-NS) and NS-NS (Opt. NS-NS). The pessimistic cases are the high-end metallicity evolution scenario with BH kicks for BH-NS (in this work labeled as Pes. BH-NS) and the low-end metallicity evolution scenario with the standard merger model of [52] for NS-NS (here Pes. NS-NS). The two lines labeled as Stand. correspond to the high-end metallicity evolution in the standard model for BH-NS and NS-NS. [52] ). The SN and failed SN or unnova rate (UN) are as proposed in [58] . The 0.1xUN line assumes that only 10% of the UN would form a disk. GRBR1 is the collapsar rate as proposed in [46] .
FIG. 3: Comparison of optimistic, standard and pessimistic cosmological BH-NS and NS-NS merger rates (from

B. Supernovae rates
The SN rates are gathered from the results of Yüksel and Kistler [58] , which utilize an updated star formation history fit from Kistler et al. [81] based upon the original star formation rate fit done by Yüksel et al. [57] . 
as discussed in Yuksel et al. [58] . This factor is a consequence of indications, given by bright gamma-ray bursts observations, that the failed supernova rate may evolve with a higher dependency of the cosmological redshift by a factor of (1 + z C ) [82] . The factor scales with z C due to the theoretical expectation that lower metallicity stars will generate more massive cores The above parameterization of SN rates comes with the assumption that every star over 8M experiences a core collapse, and uses a Salpeter mass function that continues up until 100M , and further that 10% of supernovae are unnovae and do not produce a supernova light curve. We view this failed supernova rate as an upper limit to the number of supernova that could form accretion disks, as the fraction is relatively unconstrained. However, we must keep in mind that the true fraction could be smaller. The failed SN rate is shown in Figure 3 with the thick light-green dotdashed line. Recent simulations have shown that massive stars with low metallicity and low mass loss can evolve in to a black hole with a disk [83] . Also, Sekiguchi et al [9] studied the evolution of high-entropy rotating stellar cores and found that even in the case of a slowly rotating core the system evolves into a BH with a thin disk. Therefore, the fraction of black hole forming collapses that lead to a disk could be a substantial fraction of the failed supernova rate. Nevertheless, to account for this uncertainty, we also provide estimates assuming that only 10 % of the failed SN would form a disk (magenta dot-dashed line). For comparison the lowest estimate for collapsar rates of [46] , GRBR1, is also shown (thin darkgreen dot-dashed line).
C. Diffuse flux results
We make estimates for the number flux of neutrinos based on eq. 6 for each astrophysical scenario. Figure 4 shows the diffuse fluxes for electron antineutrinos when the spectrum corresponds to a disk with a 3M /s accretion rate (Ca model). It can be seen that the upper limit for the collapsar relic flux (dashed orange line) is comparable to that of a SN (dotted-dashed black line). Based on our results of neutrino spectra (figures 2 and 1), it follows that the upper limit on the the collapsar diffuse background will be larger than the SN one for the 9M /s Ca disk, and lower in the 3M /s C0 case. Therefore, for the accretion rates and BH spin ranges considered in this work, there exists the possibility that the number of neutrinos detected may be comparable to that of the diffuse SN background. This is because, although the unnova rate is an order of magnitude lower than the SN rate, the binding energy available for neutrino emission in disks from collapsars is larger than the one in a SN.
Our results in the collapsar model for the diffuse background are significantly larger than those found by Nagataki et al [46] . This in part due to an increased neutrino emission, and in part due to the using the unnovae rate as an upper limit on the collapsar flux (see Fig. 3 ). As discussed above the fraction of BH forming collapses that evolve into a disk is still unknown. However, if this fraction is not of orders of magnitude smaller than the unnovae, then the diffuse neutrino flux in the collapsar scenario would contribute in a meaningful way to the CMNB. The green double dotted-dashed line in Figure  4 presents results where we have assumed that only 10% of the failed supernovae would form a disk.
We also plot in Fig. 4 the contribution from NS-NS mergers and BH-NS mergers. As expected because of larger anticipated rates (see Fig. 3 ) NS-NS mergers provide consistently greater contributions to the differential flux than the BH-NS, because of their larger rate of occurrence. .1×UN) ), BH-NS and NS-NS accretion disks diffuse neutrino fluxes where the accretion rate is 3M / s and the BH spin is a = 0.95 (steadystate model).
V. DETECTION RATES
The number of diffuse electron antineutrinos registered in a given facility per year, R D , is obtained by integrating Eq. 6 with the detector cross section, σ(E o ),
Here N T is the number of targets in the detector, E th is its corresponding energy threshold, E o is the energy at the lab, and dF/E o is the diffuse flux discussed in section IV.
For water-based Cherenkov detectors the relevant reaction isν
where the cross section is given by
, m e the electron mass, ∆ = 1.293 MeV the neutron-proton mass difference, and G F the Fermi coupling constant. Figures 5 and 6 show the change with energy, dR D /dE o , when the accretion disk is formed during collapsars, and BH-NS and NS-NS mergers, in SK assuming a 32 kton fiducial volume. In order to study lower and upper limits of R D , we have considered the most optimistic and pessimistic formation scenarios, together with the strongest and weakest neutrino spectra. For collapsar scenarios, we take the optimistic and pessimistic collapsar rates and fold it together with a range of neutrino emission models. These generate the extremes of the band shown in figure 5 . In this way, in the collapsar scenario, the upper brown solid line corresponds to convolving the failed supernova rate with a electron antineutrino spectrum coming from a (Ca) disk accreting at a rate of 9M /sec, a BH spin a = 0.95 and emitting neutrinos for ∆t ∞ ≈ 0.57 secs; while the brown dotted line convolves a 0.1× unnova rate with a disk accreting at 3M /sec into a BH with a spin a = 0 and emitting for 0.35 sec. For comparison we also show the detection rates found for the latter disk model with the optimistic UN rate (thick red dashed line) and the collapsar rate, GRBR1, from Nagataki et al [46] (thin magenta dashed line). We proceed in a similar fashion to evaluate the limiting lines of figure 6 in the merger scenarios. There, we have considered the same extremes on the neutrino spectra as with the collapsar case. However, for the merger rates we use the optimistic and pessimistic occurrence rates as discussed in figure 3 . Therefore, the red solid line in figure 6 is found by multiplying the Ca spectrum (Ṁ = 9M /s) with a NS-NS merger rate calculated assuming a galactic low-end metallicity evolution and the development of a common envelope during the compact object merger (see blue thick line in figure 3 ). The pessimistic NS-NS neutrino detection rate in figure 6 (red dashed line) assumes that neutrinos have been emitted from C0 disks with an accretion rate of 3M /s and occurring in galaxies with low metallicity and in the standard merger model of Dominik et al. (green thick dotted line in figure 3 ). Finally, for the BH-NS merger, the optimistic neutrino detection rates (blue solid lines) correspond to a low-end metallicity galactic evolution with common envelope for the BH-NS merger that evolves into the Ca disk model withṀ = 9M /sec, while the pessimistic detection (blue dashed line) corresponds to a spectrum from a C0 disk withṀ = 3M /s and a BH-NS rate in the high-end metallicity evolution scenario with the merger producing BH kicks. All other evolution scenarios and conditions that change the neutrino flux (e.g accretion rates), considered here, will fall inside these bands for the Chen-Beloborodov models. The black dot-dashed line shows the detection rate obtained for the hydrodynamical model Ja with an estimated emission time of 2 sec, considering the torus was the result of a NS-NS merger (in the standard evolution scenario) happening in a galaxy with high metallicity. It is clear from the figure that if the collapsar formation rate is high, then the dominant component to the detection rates comes from collapsars, followed by a disk formed during a NS-NS merger and finally there are, due to the low occurrence rates, the BH-NS disks.
The total number of relic neutrinos per year is obtained after integrating dR D /dE o with energy interval starting from the energy threshold of SK, 5 MeV, up to 100 MeV. The integrated rates, as per eq. 9 are written in Table  I , where we also report the estimates found for the Ja and J0 models (not shown in figure 6 for clarity). The tabulated cases correspond to the same cases in Figures 5  and 6 , which, as expected from Figures 1, 2 , and 4, shows significant increases in detection rates stepping from BH-NS to NS-NS and to the collapsar case. We also provide re-scaled results for the 560 ktons of HyperK. In Table II we summarize our detection rates for the diffuse neutrino background when the neutrino spectra corresponds to steady-state disks (C models). The spectra were convolved with the UN rates and with the NS-NS merger rates in the standard coalescence scenario in galaxies with high-end metallicity. The increased changes in detection are related to the increase in accretion rate and BH spin. For comparison we have included the re- sults for the diffuse SN background found when we take the SN rates as in eq. 7 and consider a SN spectrum as in ref. [78] . We show neutrino counts for two energy windows, one above SuperK threshold, from 5 MeV to 100 MeV, and another one that corresponds to the current allowed interval, above detector backgrounds (atmospheric and reactor backgrounds), from 11 to 30 MeV.
VI. SUMMARY AND CONCLUSIONS
We have studied the spectra, diffuse fluxes, and detection rates in SuperK and HyperK, of neutrinos emitted by past to present black hole accretion disks. Those are considered to be one of the possible final fates of rotating core collapse supernovae, as well as of mergers of neutron stars with black holes or with other neutron stars. The models used for our study include important aspects such neutrino cooling and relativistic effects.
Neutrino disk spectra depend on the mass accretion rate and the BH spin. The evolution of accretion disks is such that there is a funnel formed around the black hole. When neutrinos are emitted from that low density region they have large temperatures. The effect of these high temperatures and the torus like geometry is reflected in a hotter neutrino spectrum compared to that from spherically symmetric SN simulations (the latter used to study the failed SN spectrum). The number of failed supernovae that evolve into a disk (in a collapsar model) depends on still to be determined physics such as the nuclear matter equation of state and the progenitor initial conditions, leaving us with open questions on the mechanism of BH formation. Future simulations would shed light into the BH mass, BH spin, and accretion rate ranges that would be possible if such tori formed from unsuccessful SN.
This uncertainty notwithstanding, our spectra results motivated us to study the potential contribution of these neutrinos to the relic neutrino background in the MeV range. We find that in the collapsar model, assuming an upper limit event rate that is the same as the unnova rate, this diffuse flux is comparable (larger for high mass accretion rates) to the SN one. We find that the number of neutrinos registered in SuperK (taking an energy threshold of 5 MeV) in a 5 year period from collapsars would be between 3 to 25. As discussed elsewhere (see e. g. [41] ), the atmospheric and reactor neutrino fluxes limit the detection energy window from ∼ 11 to 30 MeV in the current SuperK setup. In that range we predict that in the most optimistic collapsar model we will find about 3 counts per year.
We also studied the diffuse flux and possible detection of neutrinos coming from ADs in the scenario where the torus was the result of a neutron star-compact object merger. The cosmological merger rates lead to diffuse fluxes that are at least two orders of magnitude smaller than those of SN and collapsars. However, the upgrade from SuperK to HyperK will allow for a detection of at least one of those neutrinos (in the most optimistic merger scenario) in a period of 1.75 years. It is important also to keep in mind that these results are based on merger rates for field stellar populations [52] , but rates should be larger in globular clusters. The rates are also sensitive to parameters in the binary model and initial distributions of the binary [85] . A recent compilation of different predictions of NS-NS and BH-NS merger rates can be found in [86] showing that event rates may be higher than assumed here.
The prospects of overcoming the current detection limitations on the detection of the CMNB are promising. Extracting relic neutrino signals in SK, with more data collected, improved efficiency, and lower threshold will be a reality in few years [40] . The possibility of a megaton water-Cherenkov detector like HyperK opens the door to significant numbers of diffuse neutrinos being observed. In analyzing such a future detection, we should bear in mind that in addition to standard core collapse and failed supernovae, a few of these neutrinos may come from accretion disk supernovae and compact object mergers.
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